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INTRODUCTION 


The resistance of a host to invading organisms is an 
important factor of disease prevention. Often times 
bacterial diseases are conbated by inoculating inte a host 
antigens that cause the body to produce specific antibodies, 
thereby protecting the host. Helminthiasis apparently is 
not readily eontrolied in this manner. Antigens fron 
metazoan parasites either do not stimulate the hest to 
production of antibodies, or the antibodies are incapable 


of establishing immunity. However, som workers (HeCoy, 
1952 ané others) in this field are certain of having den 
onstrated acquired immunity to helminths, and it is 
probable that more evidenee will be secured. But at present, 
there is little proof of acquired resistance to metazoan 
parasites, particularly the intestinal forms. On the other 
hand, naturel resistance which commonly consists of species, 
racial and individual resistence is more rerdily demon- 
strated. Certain species will not heve @iseases of othors, 
for example, man is not susceptible to hog cholera, Bleck 
rases are more resistant to milaria and yellow fever than 
ere white races, but they are more susceptible to typhoid. 
An individual may seem more resistant to a disease than 
does another member of his family. Less frequently asscei- | 
ated with natural immunity are breed and age resistance. 
Breeds have @iseases of other breeds but are not affeeted 
to the same extent, and it is known that older hosts are 
more resistant than the younger ones. 

The resistence of one breed of chickens, the Single 
Comb White Leghorns, to the intestinal nematode Asearidia 
lineate (Schneider) was etudied through a period of several 
years by Ackert and his associates. They found, for example, 
that White Leghorn chieks two months or less of age were 
Very susceptible to the A, lineata, but by the time the 


chickens were three months old they were very resistant to 
the viability and growth of the nematodes (Aekert, 19350). 
Whether or not all breeds of chickens react to this para- 
site in the same manner is unimown, To obtain information 
on this question five experiments were eonducted in which 
Rhode Island Reds, White Plymouth Rocke and White Leghorns 
were compared for breed and age resistance to the intesti- 
nal neratode of chickens, Ascaridia Linsata (Schneider). 


Indebtedness is acimowledged to Dr. J. BE. Ackert for 
hie advice and interest in this work. Thanke are extended, 
aiso, to lr. Ben Giading, ir. James Wilmoth and lr. Ivan 
Pratt for their assistance in the experimental laboratory. 


MATERIALS AND METHODS 


During the two years that these five experiments were 
in progress 727 chickens were received from an accredited 
hatehery. The chicks were placed in sereened, steam heated, 
well lighted and ventilated pens. That these pens were 
suitable for normal growth and development of the chickens 
was shown by Herrick, Ackert and Danheim (1923) who vere 
the first to raise in confinement a considerable number 
(800) of chickens to maturity. Some of these fowls remained 


in the pens over three years and laid eggs which yielded 
normal hatehes. 

The chickens were given a carefully planned diet con- 
sisting of yellow cornmeal, 40 gms.; oatona, 17 gmoe; 
alfalfa leaf neal, 4 gmse3 moat meal, 10.4 gms.3 powdered 
milk, 6.4 gms.3; oracked wheat, 15 gmus.3 and cod liver oii, 
1.69 gms. To retain the vitamin A potency of the cod liver 
oll, a barrel of food sufficient for S00 chickens was mixed 
each wooke 

When the chickens were between one and two weeke old 
_ @aeh was banded and the numbers recorded in a ledger. 

“ Weokly weights were kept for each chicken, and at the ter- 
mination of the experiments these weights were averaged for 
each breed to provide data on growth rates. Prom these 
figures comparative grovth curves were constructed. 

The parasite used in these studies is the fowl nema- 
tede Asgaridia lineata (Schneider), which belongs to the 
Pamily Ascaridae, Superfamily Asearoides, Order Bunematoda, 
and Phylum Womathe1mtHthes: 


a sl seas endpdionny Ws hae eis ig ahead 
wore TOCeived from a poultry house in Topeka, Kansas, where 


they had been taken from chickens, These worms were for 
the purpose of preeuring ogg cultures to be used later in 
infeating experimental chickens. To secure the eggs, the 


posterior end of a worm was excised and the internal organs 
pressed into a sterile petri Gish; the uteri were isolated 
ana transferred to another sterile dish. After spreading 
out the uteri ribbon-like, they were punctured at various 
pointe thereby liberating the eggs. AG sueh places the 
eggs were inspested under the microscope to determine their 
fertility by the presence of @ light erea in the center 
{Ackert, 1051). The parts of uteri containing fertilized 
eggs were isclated, the eggs teased out, érewn up with a 
pipette and transferred to the final sterile petri diah. 
In this way pure cultures were obtained without any tiseue 
remaining to contaminate and inévee fungous growth. Dis« 
tilied water plus three or four drops of two per sent 
formalin were added to prevent bacterial or fungous growth. 
The eggs were ineubated at 30° C, for three woeke which 
allows ample time for them to become fully infeetive, imown 
as the coiled embryo stage. Each day the dish covers wore 
removed to insure an adequate supply of oxygen. 

When the chickens wore two weeks of age each breed was 
Givideé into small lots. Group 4 was parasiticed and 
Groups 8, C, D and BE, unparasitised, were placed in other 
pens. This precaution was taken to prevent infeetion from 
the parasitized group. 


fo perasitize the chickens a drop of water containing 
the eggs of A, lineata was placed unter a microscope and 
50 + 5 eggs wore counted out by means of a mechanical stage. 
The work of Agkert, Graham, Nolf, ané Porter (1951) showed 
that 50 eggs were best sulted for this trpe of work. The 
eggs were wiped off the slide with a small pleee of filter 
peper and then loosely rolied with the eggs on the ontside; 
thie was placed in the ehfek*s esophagus with forceps. 

As theee chickens grew older, they were spread out to 
parasitising each group wes permitted to grow and then was 
killed. The evening before autopsy the chickens vere taken 
off feed and placed on clean cement floors where food was 
unebteinabie. In this way the Intestines were rather free 
from debris which hindered the examination for parasites. 
The ehiekens were Geeapitated and the emall intestine fron 
the gizzard to the eaeea removed, This was broken into 
three or four pleses after the total length was measured, 
and by means of warm water under pressure (Ackert and Nolf, 
1929), the eontents including worms were washed out inte 
jers, end preserved in 10 per cent formalin until examined, 

Examination was made by means of a wide angle binocular 
mieroscope. The worms from each ehieken were preserved in 
vials with 4 per cent formalin, In measuring, the shadow 


. js a " 
ar +t 
ad ae +4 | 
. bw 
¥ ABE ao 
| | | 
t ; 
1 { oH 
T T 
+ am " om 
+}. = + 
+ 
4 4 
+e 8 fa + 
t+ + 4 Ht + 
Hatt } | | 
[- 5 a t | t 
4 | Senn wm 
t Bi Hi 
+ —~ $4 
| = — tot t ima 
tte rr 
Sos sece5 a6 rt mi 
7 ans pace tee + 
Het HEE 
+ rt +4 am 
rf somes { Too 
iat i { t 
eeeeee 1 et it 
fot + t+ t + t 
seccsascens: Ht Ht 
t aa : + 
a5 m ro 
ort | Coc = 
aoe coe oA Ey 
saseses! 
cco Tere 
naan + = 
+ i 
BEE EEE : tt 
tt t 
| 
(a8 oo 


UNIVERSAL CROSS SECTION PAPER 


of each worm magnified six times was thrown on the ground 
Glass of a photographic bellows and traced on onion skin 
paper; fvom these tracings masurements wore made with a 
milled wheel having divisions enlarged six times. Later, 
the worm lengths and numbers were recorded in Record Book 
XIII, pages 1526243, along with the weekly weights of the 
chickens. The data were treated statistically thereby 
faeilitating the interpretation of the results. 
EXPERIMENTAL DATA 
Experiment I 

On Oetober 5, 1052, day-old ehicks from an accredited 
hatchery were received as follows: SO White Plymouth 
Rocks, 50 White Leghorns, end 50 Rhode Islend Reds. When 
these ehickens had grown to 30 days of age, they were 
divided into two equal groupe: C and E. Group 6 was then 
perasiticed, and Group E was parasitized two weeks leter. 
Ackert (1925) found that at about the tenth dey tho young 
As Lineatea begin te bere between the villi and penetrate 
the Intestinal mucosa destroying Libertiints glands; after 
the eighteenth day the worms free therselvee and withdraw 


into the lumen of the duodenum For this reason each group 
wes kept three weeks efter perasitiging. ‘The birds were 


then killed and the intestinal contenta examined. The re~ 
sults were studied under the reepective Groups © and £. 

Group C. Group C contained 24 White Leghorns, 25 
Rhede Island Reds and 27 White Plymouth Rocks, a total of 
76 chiekens. Gounting the £, lineata from the Leghorns 
Gisclosed that 19 of the 24 fowls were infested, The range 
of infestations wae from one to 22 worms; the average for 
the Leghorns was 5.55 worms. The examination of the White 
Plymouth Roeke showed six of the 27 infested. The range 
was one to 22 worms, which gave a mean number of 3.85, or 
1248 less worms than those from the Leghorns, of the 25 
Rhode Island Reds e11 were infested but two, The range was 
from one to 16 worms, the avorage being 2.92 worms or 2,41 
fewer worms than from the Leghorns, The differences in 
numbers of A, Lineate from these breeds were slight and 
not significant (Table 1). 

In this work a ratio of 3.0 is considered indicative 
of a significant difference between two groups. If the 
aifference is three or more times ite probable error it is 
regarded as being beyond the limits of experimental error. 
A vatio of 5.0 means that in one hundred eases there is 
only one chance of the difference being due to chance varia- 
tion. If a ratio of 4.5 ie obtained there is one chance 
out ef 417 for an errors a ratio of 5.0 indicates one 
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ehance out of 1551 trials for an error; ani a ratio of 8,0 
suggests one chance in 14,705,882 of tho difference being 
@ue to chance veriation, 

As a further mans of judging resistance, the lengths 
of the worms were determine€. The White Leghorns harbored 
the longest parasites, averaging 22.29 um. The A. Linesta 
in the White Plymouth Rocks averaged 19.70 ma., and the 
Rhode Island Reds hed the shortest worm, an average of 
26,92 ma. The difference between the mean lengths of the 
Reés end Leghorns was 5.357 mm., whieh was significant 
(8.22 times ite prebable error), Between the Reds and 
Rocks the difference in mean lengths of 4, lineata vas 
2.78 mm., and between the Leghorns and the Rocks, 2.59 mn. 
Both of these differences were significant (Table 1). Sum 
marizing it is seen that the Leghorns had the largest 
mumber of worms and the longest ones, the Reds had the 
least wrnms end the shortest ones, and the Rooks had intere 
vening numbers and lengths of nemtodes, These results, 
then, point te the tentative conclusion that the Rhode 
Island Reds ere the most resistant, the White Rocks next, 
and the White Leghorns the least resistant to the viability 
and growth of A. lineata when the ehichens are parasitized 
at SO days of age. 


Group E. At 44 days of age Group E was parasitized 
and at 65 deys wae killed. Twenty-four White Leghorns, 19 
Rhode Island Reds, and 24 White Plymouth Rocks were in- 
volved. Of the 24 Leghorns six had no worms, and one to 
Gupen wan the range of Targueereny The man phen wae 
1.66 worms. The Rocks had the same average number; but 10 
negatives were found im the 24 ehickens. The infestation 
‘panged from one to six worms in a chicken. Out of 19 Reds 
12 proved negative. The range of infestation was one to 
three worms per shicken with 0,89 worm as an average. Hone 
of the differences in numbers of worms from these groups of 
ehiekens was significent (Table 2). 

As to the rate of growth of the A. lineata, those in 
the White Leghorns averaged 17.31 mm. long and the worrs 
from the White Rocks, 16.72 mm. The difference between the 
two was 1,41 mm. which wes not significent. The Rhode 
Isiand Reds had worms 14,89 mm, in length, which was 2,42 
ma, shorter than those in the Leghorns. This difference 
likewise was not significant. The difference in length of 
the worms between the Roeks and the Reds was 3.85 mm.; this 
was 5.96 times the probable error and, henee, probably 
eignifiecent (Table 2). As in Group © the Rhede Island Reds 
had the fewest end the shortest worms. The A, lineata 
from the White Leghorns and those from the White Plymouth 
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Rocks 42d not vary much. 
Experiment Ii 


The ehiekens for this experiment were hatehed February 
6, 1933. The same numbers were received as in Experiment I, 
namely, 50 White Leghorns, 50 White Plymouth Roeks, end 50 
Rhode Island Rede, These wore fed, banded, weighed and 
kept under the same conditions as those in Experiment I. 
At 30 Gays of age the chickens were divided into Group C 
ané Group E, The former was given embryonated eggs at that 
time and Group E when 44 days of age. 

Group C. Due to faulty egg cultures this portion of 
the experiment failed; only negative results were obtained. 
The weights were reeorded as in Group BE. 

Group E, After having been parasitised for 21 days the 
ehiekens of Group E were killed and examined. Seventeen of 
the 22 Leghorns were infested with from one to six 
As lineata, an average of 2.56 worms. leven of the 17 
Rhode Island Reds had a range of one to seven nematodes, 
which averaged 1.88 worms, Of the 15 White Rocks, six 
harbored from one to eight worms, resulting in an average of 
1676 A, lineata. While none of the differences in average 
numbers of worms among these groups was significant, the 
Leghorns had the most. 


stk esi — “t Ge°s O©°6t At spoy *Z *u t ouasu01 


*PIO SHOOM CUTE USYA ZOQUT BYEOM GOA POTT EX 
pues "Seol ‘te Wodum pestapevaud oe *9 dnoap 
“Il Quoupdedyg UE SuSHO_YS UE pUnoZ , SEP JO uoszavduen *¢ eTQEy, 


= 
HH 


| 


aw Seem 


rH 
oe ESE IEE ee 


cee aa SUR ENT 
a so Nt Nee 
ee HEE HE 
pe ee He 


-s 


ee 
Mint 


te 


i 


SHH 
Bie Te 


STeSGSSSSSSTea tee Saaseer 


HH ae i | 


seal gee 
_ 
ane | 
cee 
Hine 


i 
as te hk tn se lw hs et 
Same aEME Ire ye 


f 


es 


ie aan 


I HH i 
tH rr 


tt 


i a 
1 be se 


ae 


- 4 ce ee 
Hue HEE Hee 


NIVERSAL CROSS SECTION PAPER 


L 


Coneerning the growth of worms in the chickens, the 
&e Lineate in the Leghorns had @ mean length of 24.65 mes 
while the Reds had worms 19,10 nm. long. The difference bee 
tween these two mean lengths wae 5.35 mm, which was 4,28 
times ite orobable error, The worms in the Rocks averaged 
20,86 mm, in length, being 5.77 mm. shorter than those itn 
the Leghorns. This difference was significant (Table S)e 
As in Experiment I, the Leghorns had the most and the longest 
WOrTIS « The Reds had the shortest A, lineata, wut the Rocks 
had slightly less worms, 


Experiment IIZ 


This experiment wes condueted during the carly summer 
of 1955 to replace Group ¢ of Experiment II whieh failed 
from a faulty egg culture, The chicks were parasitized when 
50 days of age and killed when 51 days old, Of the 25 
Leghorns parasitized, 17 were infested, the range being from 
one te 37 worms. The average per chicken was 6,12 A. lineata, 
The difference, which was not significant, was 3.40 worms, 
en of the 18 Reds harbored A, lineata; the range was from 
one to 15 worms, which averaged 2.72 worms. Eighteen cases 
of infestation were found in the 54 White Rocks. They had 
vorms ranging from one te 26 in number, or an average of 5.03 
worms per chickens this difference of 0.31 worm more then in 


the Reds was negligible. The Leghorns and Rocks had a dif~ 
ference of 3.09 worms, tut this likewise was not signifi~ 
cant. As in Group ¢ of Experiment I, the Leghorns of this 
group hed the most nematodes and the Reds the least. 

fhe lengths of worms in the Loghorns averaged 26,07 
mm, and fn Reds 24,96 mm, or 1.12 om. shorter, which was not 
significant. The As linoata from the Rooks averaged 21.24 
mm, in length, or a significant difference of 4.385 mm. be- 
tween the worms in the Rocks and Leghorns. Also, between 
the worms from the Rocks and those from the Reds there was 
a significant difference of 3.72 mm. in lengths 

As in Group C of the first experiment, the Leghorns 
had the longest and largest mumber of worms. The Reds 
averaged fewer worms per chicken, but they were not the 
shortest. In this experiment the Rocks had the shortest 
worms. The results ere summarized in Table 4. 


Experiment IV 


This experiment was begun September 24, 1955, when a 
large @umber of one day old ehicks were received from the 
same hatchery as those in previous experiments. The pro- 
gedure was the same as before, except that different ages 
were used. Instead of using Groups C and E, Groups A, B 
ané D were used. Group A conteined 34 White Leghorns, 11 
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White Rocks, This greup was killed at 54 days of age after 
infesting them when 53 days old, 

Group A The Leghorns, which were parasitized at 12 
Gays of age, harbored from one to 43 worms or an average of 
10,00 worms per chick. All shickens were infested. The 
Reds varied from one to 10 worms and averaged 6.09 
As lineata, Only one chick was free of the nematode. Two 
negatives were found in the White Rocks and 354 worms in one 
ehieken. An average of 9,35 worms was found, The setval 
difference between these and the Reds was 3.24, The dif~ 
ferences among the breeds were not significant (Table 5). 

Apparently the Leghorns were less resistant because 
they hed worms averaging 22.10 mm. in length as compared 
to 16.99 mm, in the Reds, This resulted in a difference of 
Sell mn. and a ratio of 10,28, The average lengths of 
worms in the Rocke was 16.58 m, The actual difference of 
worms in the Rede and Reekes was not significant. A sige 
nificant difference of 5.72 was found between the Rocks and 
Leghorns (Table 5). Again the Leghorna hed the most and 
longest worms, the Reds the fewest worms, The Rocks hed 
slightly shorter worms than éid the Reds. 

Group Be Table 6 shows the results from this group of 
chickens which were parasitized at 19 days of age. Porty- 
seven of 49 Leghorns were infested, the range being from 
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one to 19; the average, 8,18 worms. Twonty-four of the 25 
Reds harbored parasites, a maximum of 24 werms in one 
ehicken, The average was 5,04 worms. All but two Rooks 
were infested; the range was from one to 18 worms; an 
average of 4.53 worms per ohicken, The Rocks had 5.80 
worms per chicken leas than the Leghorns, which gave a 
signifieant @ifference. There was no constant difference 
between the Leghorns and the Reds nor between the Neds end 
the Rocks. 

: In worm lengths a marked aifference occurred among the 
breeds. The Leghorns had A, lineata 17.87 mm. long, and 
the Reds, 15.59 mm., or a difference of 4.25 mm. (a ratio 
of 6.86). The Reeks possessed worms 11.55 mms. long. This 
wae 2,24 mm. shorter than in the Reds and resulted in a 
significant difference. The difference between the Rocks 
and the Leghorns was 6,47 »m., which was significant (a 
retio of 11.45)- In this group the Rocks had the fewest 
end shortest worms rather then the Reds, while the Leghorns 
remained the least resistant because they harbored the 
longest and the lergest number of worm. 

Group D. These chickens were parasitized at 35 days 
of age. Whereas, 15 of the 25 Leghorns were infested, 
only five of 14 Reds, and seven of 11 Roeks had worms. 
The range of infestation in the Leghorns was one to 10; in 


the Reds, one to six; and im the Rocks, one te five. The 
Leghorns had en average of 1444, the Rocks 1.82 and the 
Reds 0.86 worms per chicken, about the same number in all 
three breeds of chickens. _ 

The longest worms were found in the Leghorns (19,94 
mmsj+ The worms in the Reds averaged 16.71 mm., or a aif~ 
ference of 1.23 which was not ofgnifieent. The Rocks had 
worms measuring 15.80 mm, or 2.91 mm. shorter then in the 
Reds. This difference war significant. A difference of 
4,14 mm, between the vorms in the Rocks end the Leghorns 
gave @ retio of 4.16, As in the previous experiments, the 
Leghorns had the longest and the Rede had the fevest 
4s Lineate. The largest number of worms, however, and the 
shortest ones were in the White Reeks (Table 7). 


Experiment V 


The final experiment was completed in March, 1954, 
Groups A, B end D were used in order to suppert the previous 
experiment. The ages, conditions and periods of time were 
identical. 

Group As Nine of the 12 White Leghorns were infested; 
range, one to 11 worms; average, 5.42 worms per chicken. 
Twenty of the &¢ Reds were parasitized, the largest in- 
festation being 15 worms; the average, 4055 As lineata per 
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bird, 421 but two of the 24 Waite Rocke wore infested, the 
range being from one te 18 worms per ehieken, average, 5.96. 
In thie test the differences in numbere of worms lay within 
the range of experimental error (fable 8). 

On measuring the werms, it was found that those fron 
the leghorns averaged 21,95 um, in length and that the 
worms from the Reds had a mean length of 18.20 mm. or a 
éifference of 3.85 mm, which was significant. The White 
Reecks in this group were quite susceptible as their 
As Lincate averaged 25.45 mm, or 1.5 um, longer than the > 
Leghorns, This difference was not significant. Setween 
the Rhode Island Reds and the White Plymouth Rocks there 
was a difference of 5.55 mm., whieh was significant. From 
this test it may be seen that, as in previous experiments, 
the Rhode Island Reds were the most resistant to the crovth 
of the A, lineata, the White Leghorns and the White Ply- 
mouth Reeks being about equally suaceptible. 

Group 5, Twelve Leghorns, 26 Reds and 34 Rocks were 
parasitized at 19 days of age and killed 21 daya ieter. 
ine of the 12 Leghorns were infested with from one to ten 
worms; an average of 5.91 worms, Of the 26 Reds, 12 hare 
bored A, linssta with a range of one to nine worms; average, 
1.46 worms. This was 2,45 less parasites than in the 
Leghorns which was a significant difference. Only 14 of 34 
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Roeks wore infested with a range of one to ll worm. The 
average wae 1.24 or 2,67 worms less than from the Leghorns 
which gave a retio of 4414, The lengths of worms in the 
Leghorns averaged 20.968 mm, and those in the Reds, 17.95 
mm, The difference of 3005 mm. gave a ratio of 5,02. The 
worms from the Reeks averaged 17,79 ma. long, which was 
nearly the sane as the Reds and gave no signifiesmt dif~ 
ference. The difference of 5.19 mm, vetween the worms of 
the Recks end those of the Leghorns wae not significent. _ 
In Table 9 it is noted that the Leghorns hed the most and 
the longest worms, indieating that they were the least: re- 
eistant. fhe Reds and Rocks had about the same amount of 
resistance to the A, lineata. | 

Group BD. When 54 days old, this group of chickens 
was killed end the worms counted and measured, Four worms 
were the most found in one Leghorn and 15 of the 96 hare 
bored Ay lineeta, Twenty-two of 45 Reds were infested and 
16 worms were in one chicken of this breed. Twelve worms 
were found in one Reck and only 17 of S50 Rocks were ine 
fested. The Leghorns and White Rocks each averaged one 
worm per chieken while the Reds averaged 1.80 worns. Ro 
signifteent differences in numbers of worms were found 
among these groups of chickens. 


34 


Concerning resistanee to the grovth of the A. lineata, 
the worms in the Leghorns averaged 17.82 mm,, in the Reds, 
16.28 mm, end in the Rocks 20,04 mm, While the Leghorns 
had longer worms than those of the Reds, they were not 
significantly so. Here, the Rocks were the most suscep~ 
tible, the difference of 5.76 mi, between the Recks an@ the 
Reds being signifieant (Table 10). 


Combined Experiments 


As the number of individuals was small in some of the 
groups, the results of the five oxperiments deseribed were 
conbined, and chickens of the same age added together. rive 
ing approximately 50 chickens of each breed in every group. 

Group As The White Leghorns in Group A, which were 
perasitized at 12 days of ege, harbored an average of 8.28 
worms per ehicken, the Rocks, 7.03 and the Reds, 4,99 worms. 
The Reds had a signifficent difference of 3,39 less worms 
per chicken than the Leghorns, Differences in numbers of 
worms between the Reds and the Leghorns and between the 
Rocks and the Leghorns were not significent, 

The longest worms were in the White Leghorns which had 
Ay lineata everaging 22,08 mn. The Rocks had worms 20,34 
mi. long, and the Reds, 17.66 mm, The differences in 
lengths of worms in all three breeds of chickens were 
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significant. This combined group shows that the Leshorne 
are the most suseeptible and the Reds the least, while the 
Reeks ere not as resistant as the Rede nor as susceptible 
as the Leghorns to the growth of the A, Lincata. 

Group Be These chickens were parasitized one week 
later or when 19 days old and killed when 40 days old, The 
worms in the Leghorns averaged 7.54 per chisken, ‘The mean 
number of worms in the Reds was 3.91 anf in Rooks, 2.44. 
The difference was not significant between the Rocks and 
Reds, tut there was a significant difference of 4.90 worns 
(Table 11) between the Rocks and the Leghorns. The worn 
lengths in the Leghorns averaged 16.19 m., those in the 
Reds 14.46 mm, and in the Rocks 13.87 mm, A significant 
Gifference of 5.75 um. was found betwoon the Leghorns and 
the Reds; a significant difference (4,82 mi.) was found, 
likewise, between the Leghorns and tho Rooks. The differ. 
enee in average worm lengthe between the Rooks and the Reds 
was negligible, in this group the Leghorns were the most 
susceptible to the viability (numbers ) and grovth (lengths) 
of the As lincate (Table 21). 

Group C. This group, which was parasitized at 30 days 
of age and killed when 51 days old, 1s Imown as Group C. 
The Leghorns averaged 5.75 worms por ehieken and the Reds 
2.84 worms, or 2.89 less worms than the Leghorns, The 


Table 11. Summary of the combined results of Experiments 
i, <x, IX, IY and Vv. 


Co ee =: sc eet 
b 4 Fy 
mumber : t sAverage : : 
;worms _: Dif. : Ratio + length ; Dif. :Ratio 
cig 8 e82 22.06 
e * 
—— Be SO 3.08 4,42 10,83 
R. I, Reds 4,89 17,66 
2.19 2,05 2.68 4,43 
v, P. Rocks 7.08 20.54 
1.20 0.68 1674 S3e24 
We Leghorns 8.28 22,08 
Group B 
We. Leghorns 7454 18.19 
3.70 4,75 Se73 7.80 
Re Ie Reds 3.61 14.46 
1.17 1.76 1209 1,420 
We P. Rocks 2.44 13.387 
4.90 7ed4 4.82 5,46 
We Leghorns 7.54 18.19 
¢ 
W. Leghorns 5.73 : 25.83 
2,89 3.79 5.65 6,768 
R. I, Reds 2.84 20,18 
| 0.55 0.98 O28 0,52 
We. P, Rocks 5259 20.46 
2,34 2.99 ; Se37 7.62 
We Leghorns 5.738 23.83 
D 
We Leghorns 1.22 20.00 
0236 1.18 S41 44,61 
Re I, Reds 1,58 16.59 
0.43 1.358 O.54 0,47 
Be Pe Rooks 1.315 16.93 . 
0.43 1.80 SeO7 3.71 
@. Leghorns 1622 20.00 
Group EB 
Ws Leghorns 2,00 21.48 
0.64 1.42 S087 4.05 
Re Ie Rods 1.356 17.58 
0,54 0.55 2.54 2.52 


difference was significant. The Roeke had 3.39 worns, 
whieh was not significantly aifferent from the Reds or 
Leghorns. Yor lengths of worms, the Leghorns averaged 
23.85 mm. and the Reds, 20.16 mms. or a significant differe 
enee of 5.65 mm. and a ratio of 6.78. The Roeks had wrns 
averaging 20.46 mn. in length or 3637 mm. less than those 
from the Leghorns. The ratio was 7.61. Summarizing, the 
Leghorns had the longest and the most worme, whereas, the 
Reds had the shortest and fewest worms per chicken, 

Group De Group D was parasitized at 35 days of age 
end killed when 54 days old, The Leghorns had an average 
of 1.22 worms, the Reds, 1.58 and the Rocks, 1.15 worm 
per ehicken, This was the only group in which the Leghorns 
4id net average the most worms, flowever, no difference 
between any two of the groups was significant. In the 
worm lengths the Leghorns had the longest (20.00 mm.) and 
the Reds the shortest (16.59 mm., or 3.41 mm. less than 
the former). The ratio was 4.61, The worms in the Rocks 
averaged 16.95 mm. long, 3.07 mm. less than the Leghorns, 
which was signiffeant (Table 11). 

Group EB, The oldest group was 44 deys old when para<- 
sitized and 65 days of age when killed, The worms in the 
Leghorns numbered 2,00; in the Reds, 1.56; and in the Roeka, 
2070 As lineata vor chick, The differences were not 


significant. As was generally the case, the Leghorns had 
the most and the Reds the fewest worms. 

The longest worms were found in the Leghorns (21,45 
me) and the shertest ones in the Reds (17.53 mm,). The 
difference of 5.87 om. was significant, as it was 4.03 
times the probable error of the difference. The worms in 
the Roeks averaged 19.92 mm. in length, but this was not 
signifieantly different from the other worm lengths of 
either of the other breeds, 

Phe general eonelusion for all groups of chickens is 
that the Rhode Island Reds are the most resistant te the 
growth and viability of A, lineata; the White Plymouth 
Rocks rank next, and the White Leghorns are the least re- 
sistant of the three breeds studied, Table 11 shows that 
@uring any of the ages studied thie sem prineiple holds 
true in soneral, 

In order to ascertain whether or not the resistance of 
the chickens to A, lineata increased with age the individ~ 
vals of each breed of chickens wore grouped together and 
the differences in worms found between Groups A, B, C, D 
and EB. When examined for A. Lincata each successive group 
of ehiekens was about one week older than the previous 
EProupe 


As shown in Table 12, the youngest White Leghorns 
(Group A) examined when five wooks old harbored en average 
of 8.23 worms, whereas the oldest group (E) had 2,00 worns 
per chicken, Intervening groups of white Leghorns showed a 
progressive decrease in worm numbers excepting Group D which 
was 1.22 or 0.88 worm less than in Group E; however, the 
difference was not significant. The average number of 
As lineata found in the Rhode Island Reds decreased in con- 
stant amounts from 4,89 to 1.56 worms per ehicken during 
the five weeks period, In tho White Plymouth Rocks the 
worms decreased irregularly from 7,08 in the youngest group 
to 1,70 in the oldest group, Between Groups A and B there 
was a significant decrease in worm numbers, also, between 
Groups ¢ and D, Those that were irregular, however, did 
not have significant differences. Sumeriging, the White 
Leghorns examined at 33 days of age had 6.28 worms per 
chicken, and these at 65 days 014, 2.00 worms; the Rhode 
Island Reds, of the same ages, averaged 4.89 and 1.36 
As Lineates end the White Plymouth Rocks, 7.08 and 1.70 
worms per ehicken, 

These results point direetly to age resistance. The 
resistance of Leghorns inereased with greater rapidity than 
a4 thet of the Reds, which at the beginning were more ree 
sistant than the Leghorns, Although the Reds were relaé 
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tively resistant schon young, their resistance did not ine 
crease in the same proportion as did that of the Leghorns. 
The White Plymouth Rocks inereased their resistance in 
about the same proportion as the Leghorns, but they were 
more resistant at the beginning. When nine weeks old 
(Group £) the resistance to the A, lineats was about equal 
in all three breeds of chickens. 

Whereas, the mumbers of worms clearly demonstrate age 
resistance in the chickens, it is obscured when the lengths 
of the worms are sonsidered, The worm lengths in the 
Leghorns averaged 22,08 mn. in Group A and 18,19 mm, in 
Group B&B. Group C followed with an inereased avorage length 
of 235,83 sm, Group D Leghorns had worms 20,00 mm, and 
Group E 21.45 mm. long. The A, linoate from the Reds and 
Rocks had this same sort cf variation (Table 12). 

There were significant docreases in the lengths of 
worms between Groups A and B and between Groups C and D in 
all three breeds of chickens. The average worm lengths in 
Groups A and E ehiskene were nearly the same despite the 
age. It is to be noted that the irregularity of worm 
lengths is constant. ‘The worm lengths in the chickens of 
Groups C and E seem to be the cause. These two groups of 
ehiekens were used during the first year of the work, while 
Groups A, B and D were used thie year. In this way aiffer- 


ent strains of chickens or worms would become a factor, In 
fact, it was diselosed that the hatchery, from which these 
chickens had come, had used eggs from two different flocks 
of chickens. 

It may be that strains of chickens or strains of 
As lineata wore sufficiently different to cause this varie~ 
tion. Sandground (1929) States that as a result of recent 
researches with Aneylostoma caninum it had been shown that 
&@ species is comprised of strains better adapted te one 
species of host than to another, and it has been postulated 
that a higher degree of age resistance is exhibited in the 
hest parasitized with a foreign strain of nematedes, This 
theory might explain the situation under cons ideration, 
Those worms in chicken Groups B and D may have been normal 
strains while those strains of worms in Groups A, ¢ end EB 
were foreign. The idea is quite plausible. Porhaps if all 
foreign strains had been used there would have been a con< 
sistently graded deerease in the lengths of worms as the 
hosts grew older. Or if all were normal strains the worm 
lengths might have proved identical. The irregularity in 
the acquisition of age resistance to the worms may have been 
due to one of these factors or to others, 

Pigures 1 to 5 illustrate the comparative growth rates 
of the three breeds of chickens in each experiment. On the 


whole the White Leghorns were the heaviest during the Pirst 
one or two weeks of agee After that time the Reds and the 
White Rocks gained rapidly in weight until one or the other 
mroved the heavier, The Leghorns usually lagged behind, 
We interesting changes oceurred efter parasitizing nor at 
eny other period, Perhaps this was due to the light ine 
fostations of As lineata. 


DISCUSSION 


The experiments Geseribed apparently prove that breeds 
of chickens have varying degrees of resistance to A. 
lineata. In the three breeds stuffed the Rhode Island Reds 
were the most resistant, the White Plymouth Roeke next and 
the White Leghorns were the least resistant to the viability 
ané grovth of the nematodes. 

That variations in race resistance oseur was shown by 
Cort and his coworkers (1929) who found thet Indian-legro 
mixtures were quite resistant to hookworm infestation, while 
Incian-Yhite mixtures had greater susceptibility. In 1932 
Chanéler reported thet an African suffers less from a given 
degree of hookworm infestation then does a white man. 

In diseussing resistanee, Chandler (1952) stated that 
factors affecting resistance and susseptibility are age, 


Sex, pregnancy, chronic diseases, exposure, species and 
race of a host. He stated, also, that different species of 
enizals in which a parasite can reach maturity are by no 
means equally affeeted by comparable grades of infeetion. 
Just as this is true of species, it, apparently is true of 
breeds. Variations in resistanes ocour in all three breeds 
of chickens studied. The younger the chickens, the greater 
the differences among tho breeds. This work supports 
Herrick's finding (1926) that young chickens are exceedingly 
susceptible to parasitisa, 4s the shickens grow older, 
worms are eliminated and finally the hosts are almost 
totally resistant. Each breed was found to have this same 
phenomenon in different degrees; as the chickens became 
older, the A, lineats had more difficulty in maintaining an 
existences. When about nine weeks of age, the amount of 
parasitism was nearly the same in all three breeds of 
| @hickens, 

tt is possible that the presence of A, lineata in the 
intestine causes the body to seerete a substance for combate 
ing the worms, thue producing an acquired resistance. rw 
this is true, the antigenic power of the worm proteins must 
be found and the antibodies determined by intricate teste 
which abe not in use et present, On the other hand, 
| ‘Taliaferro (2954) states that macrophages are prominent in 


active immunity. The same eelle are involved, in varying 
degrees, whether the animal be responding te a local or a 
general invasion by protozoa, helminths, bacteria or other 
infeetious agents, Chandler (1950) contends that parasi- 
tie infeetions are quantitative in nature; that the 
severity of infeetion is not controlled almost entirely by 
the resistance of the host, but very largely by the actual 
number of worms present. 

In 1931 MeCoy, whe studied the immunity reactions of 
Goge against A. caninum, inferred that the first dose 
eauses an acquired resistance, beeause the second dose 
never affeets the animal as badly as the first. This idea 
is in opposition to Taylor's (1928) who noted that infee- 
tions from Starling gapeworms in chickens causes light 
infection the first time, tut a second infestion will 
bring about a heavy infestation. This may be due to the 
abnormal host, or it may be due to the refractibility of 
ehfiekens to antibody formation, The dog is the normal 
host of As caninum, also, the dog is not considered ro- 
fractory and is able to produce antibodies. 

As already noted, age resistance was demonstrated in 
worm numbers, but was poorly demonstrated with worm lengths 
in any of the three breeds of chickens. According to 
Sendground (1929) age resistance depends upon the presence 


of foreign strains of host or parasite. He observed, eiso, 
that foreign species produce different results. For ex~ 
ample, normal hosts of Aneylostone Guodenale and Syngams 
trachea, respectively, man and turkey, exhibit no appreci- 
able age resistance, while in the respective abnorm hosts, 
dog and ehickens, age resistance was demonstrated, that is, 
the abnormal hosts were more resistant. In another paper 
Sandground (1928) stated that age resistance is seldom 
found without a background of partial abnormality between. 
host species and parasitic sneeies involved. Abnormality 
is due to foreign strains. As stated in the experimental 
data this is the only explanation offered now for the veria- 
tion in the length of worms shown in Table 12. Groups ¢ 
and & were studied in 1952-1933, while Groupe A, 3B and D 
were observed during 1953 and 1054. This gave an excellent 
ehanee for foreign strains te appear. 

In conjunction with Sandground's theory of foreitign 
strains of perasites resulting in mrked age resistance, 
while normal strains do not cause any age resistance, 
Ransom (1921) found that chickens, an abnormal host, were 
Very susceptible to Syngerus trachea and produce marked age 
resistance; whereas turkeys, the normal host, are not afq 
fected and produce no age resistance. Ackert and Eisen- | 
brandt (in press) when they used A, lineata rather than 


Ss trachea, found thet turkeys, the abnormal host in this. 
ease, are much more resistant to A, lineata then are 
Leghorn chickens, the normal host. 

Such an explanation might be mado for breed resistance, 
Perhaps Leghorne are the original hosts of A. lineata and 
the other breeds are foreign breeds. Hense, the Rhode 
Island Reds would be more resistant than the White Leghorns. 
fhe more probable explanation is that the Reds have some 
feetor that makes them resistant even at an carly age. As 
the chickens grow older this substance increases to a cer- 
tain extent thereby maliing existence of the worms more un- 
favorable. The Leghorns do not have as mech of this sub- 
stance present in their bodies thus providing a more 
favorable habitat for the worms, As the Leghorns age the 
factor intensifies more rapidly then in the Rocks or the 
Reds, so that by nine weeke of age they are almost as 
resistant as the other breeds of chickens. 

(Je Se Anteresting to note that while the youns lee- 
horns are not very resistant to A. linoate, they are — 
exeeedingly resistant to general conditions. In all of the 
experiments it was rere for a Leghorn ehick to die, while 
among the other breeds deaths were of common occurrence. 


1. Studies on the comparative resistance of White 
Leghorn, White Plymouth Reek and Rhode Island Red ehickens 
to the nematode Asearidia linoata (Schneider) were con- 
@ueted during a poricd of two years. Pive experiments ine 
volving 727 chickens were carried out in groups as follows: 
Group A, parasitized at 12 days of age; Group B, at 19 days; 
Group C, at 30 days; Group D, at 33 days; and Group £, at 
44 days of age. 

2. Twenty-one days efter parasitising the chickens 
were iilled and the worms collected, counted and measured. 
The average numbers and lengths of the worms were used as 
eriteria for comparing the resistance of the different 
breeds of chickens. 

Se On analysing the data biometrically, it was found 


that #86 Rhode Island Reds were the most resistant, the 
White Plymouth Roeks next end the White Leghorns the icast 


resistant to the A, lineata. 

4 Bvidenees of age resistance in cach breed were 
demonstrated by the mumbers of worms. The lengths of the 
worms, however, @id not indicate a consistent acquisition 
of resistance although it was notable among som groupse 


The variations may have been due to the use of foreign 
and normel strains of cither ehickens or nematodes. 
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